Endothelial intracellular calcium ([Ca 2ϩ ]i) plays an important role in the function of the juxtaglomerular vasculature. The present studies aimed to identify the existence and molecular elements of an endothelial calcium wave in cultured glomerular endothelial cells (GENC). GENCs on glass coverslips were loaded with Fluo-4/Fura red, and ratiometric [Ca 2ϩ ]i imaging was performed using fluorescence confocal microscopy. Mechanical stimulation of a single GENC caused a nine-fold increase in [Ca 2ϩ ]i, which propagated from cell to cell throughout the monolayer (7.9 Ϯ 0.3 m/s) in a regenerative manner (without decrement of amplitude, kinetics, and speed) over distances Ͼ400 m. Inhibition of voltagedependent calcium channels with nifedipine had no effect on the above parameters, but the removal of extracellular calcium reduced ⌬ [Ca 2ϩ ]i by 50%. Importantly, the gap junction uncoupler ␣-glycyrrhetinic acid or knockdown of connexin 40 (Cx40) by transfecting GENCs with Cx40 short interfering RNA (siRNA) almost completely eliminated ⌬[Ca 2ϩ ]i and the calcium wave. Breakdown of extracellular ATP using a scavenger cocktail (apyrase and hexokinase) or nonselective inhibition of purinergic P2 receptors with suramin, had similar blocking effects. Scraping cells off along a line eliminated physical contact between cells but did not effect calcium wave propagation. Using an ATP biosensor technique, we detected a significant elevation in extracellular ATP (⌬ ϭ 76 Ϯ 2 M) during calcium wave propagation, which was abolished by Cx40 siRNA treatment (⌬ ϭ 6 Ϯ 1 M). These studies suggest that connexin 40 hemichannels and extracellular ATP are key molecular elements of the glomerular endothelial calcium wave, which may serve important juxtaglomerular functions. purinergic receptors; gap junction; connexin hemichannels; glomerular filtration; renin release AUTOREGULATORY MECHANISMS that maintain renal blood flow and glomerular filtration rate involve a propagating calcium wave in the juxtaglomerular apparatus (JGA) mediated by extracellular ATP, purinergic calcium signaling, and gap junctions (3, 21, 22) . The calcium wave of tubuloglomerular feedback or direct vasoconstriction of the afferent arteriole (AA) propagates from contractile smooth muscle and glomerular mesangial cells to the underlying endothelium (22, 34), providing a vasodilatory feedback mechanism (34). Endothelial cells also receive stimuli from the vascular lumen that are mainly coupled to the intracellular calcium concentration, [Ca 2ϩ 
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One of the most prominent connexin isoforms in the kidney is Cx40, which is expressed in the preglomerular vascular endothelium, in renin-producing and mesangial cells of the JGA, and with particular abundance in the glomerular endothelium (2, 11, 12, 15) . Cx40 was shown to contribute to the propagation of vasodilation (12, 26) and control of renin synthesis and release (19, 37) , important functions of the JGA. Cx40 knockout mice are hypertensive (12, 26) and feature an elevated plasma renin concentration (37), due to an altered vasomotion of arterioles and the lack of the conventional inhibitory effects of ANG II and intarenal pressure on renin release (12, 26, 37) .
Using the tsA58 mouse model, Akis and Madaio (1) recently developed a cell line of glomerular endothelial cells (GENC) that shows stable expression of the endothelial phenotype (1). Also, endothelial cells in the renin-producing, JG segment of the AA (in contrast to the proximal AA) appear to closely resemble GENCs. Common features include fenestrations, high permeability (24) , and Cx40 expression (11, 12) . The purpose of these studies was to identify the existence and molecular elements of the juxtaglomerular endothelial calcium wave using these cultured GENCs. In particular and in light of a recent study (37) , we aimed to establish the roles of both extracellular ATP and the main JGA and glomerular endothe-lial connexin isoform, Cx40, in the regulation of JGA and glomerular functions. The present studies suggest that the juxtaglomerular endothelium, through Cx40 hemichannel-mediated ATP release and purinergic calcium signaling, may be an important component of the control of glomerular filtration and renin release.
MATERIALS AND METHODS
Cell cultures. GENCs (kind gift from N. Akis, Istanbul, Turkey) (1) and a mouse macula densa-derived cell line (MMDD1, kind gift from J. Schnermann, National Institutes of Health, Bethesda, MD) (40) were grown on circular glass coverslips (25 mm; VWR International Brisbane, CA) until reaching a confluent (90 -100%) monolayer. Normal growth media for GENCs were prepared from DMEM with low glucose with the addition of 25 mM HEPES, 9 mM NaHCO 3, 7.5% NCS (Gibco), and 1% penicillin-streptomycin (5% CO2 at 37°C). Normal growth media for MMDD1 cells were prepared from DMEM/F12 with the addition of 7.5% wt/vol NaHCO 3, 10% FBS (Invitrogen), 1% penicillin-streptomycin, dexamethasone (50 M). During experiments, a modified Krebs-Ringer HCO 3 buffer was added to the top of the cells, containing (in mM) 115 NaCl, 5 KCl, 25 NaHCO 3, 0.96 NaH2PO4, 0.24 Na2HPO4, 1.2 MgSO4, 2 CaCl2, 5.5 D-glucose, and 100 M L-arginine. Calcium-free modified KrebsRinger-HCO 3 buffer was made with the addition of 2 mM EGTA and the exclusion of the 2 mM CaCl2. All solutions were adjusted to pH ϭ 7.4 using NaOH and HCl.
Confocal laser scanning fluorescence microscopy. Time-lapse ratiometric calcium imaging was performed with a Leica TCS SP2 AOBS MP confocal microscope system (Leica Microsystems, Heidelberg, Germany) using the dyes Fluo-4 (excitation at 488 nm, emission at 520 Ϯ 20 nm) and Fura red (excitation at 488 nm, emission at Ͼ600 nm). A transmitted light detector and differential interference contrast imaging was used to control the position of the pipette during mechanical stimulation. All experiments were performed using the same instrument settings (laser power, offset, gain of both detector channels). Data acquisition and analysis were done using the Leica LCS imaging software LCS 2.61.1537. Cells were loaded with the ratiometric calcium dyes Fluo-4 AM and Fura red AM (10 M each; Invitrogen) dissolved in DMSO, in modified KrebsRinger-HCO 3 buffer at room temperature for ϳ20 min. After incubation, coverslips were transferred to the chamber of the Leica confocal microscope system for imaging with a 40ϫ oil-immersion objective. Fluo-4/Fura red ratio values were converted to absolute [Ca 2ϩ ]i using a calibration technique as described before (22) . Calcium wave speed was calculated using the formula: speed ϭ (distance/time) and the "stack profile" function of the Leica LCS analysis software package. Distance was defined as the space between the point of mechanical stimulation and the center of a cell demonstrating an increase in [Ca 2ϩ ]i. In some experiments, the wave radius was measured as the farthest distance traveled by the front wave from the stimulated cell.
Mechanical stimulation. A mechanical stimulus was applied by gently touching a single cell of the monolayer with a glass micropipette (Drummond Scientific), pulled to 2-3 m in diameter. The micropipette was initially positioned just above the monolayer and was lowered to contact the target cell using a micromanipulator (ROE-200, Sutter Instruments).
Chemicals. The following pharmacological agents were used in the experiments: an ATP-scavenger cocktail consisting of hexokinase and apyrase (both 50 U/ml), the gap junction uncoupling agent 18␣-glycyrrhetinic acid (␣-GA; 25 M), the voltage-dependent calcium channel blocker nifedipine (1 M), and the nonselective purinergic receptor blocker suramin (50 M). All treatments were applied to the chamber bathing solution and allowed to incubate for 10 min at room temperature. All reagents were purchased from Sigma, unless otherwise specified.
Immunocytochemistry. Cells on glass coverslips were fixed in 4% formaldehyde for 10 min and permeabilized with 0.1% Triton X-100 in PBS for 20 min at room temperature. Cells were blocked with a 1:20 dilution of goat serum for 20 min and incubated with a primary polyclonal antibody against Cx37, Cx40, or Cx43 (Zymed), or P2X 1, P2X4, P2Y2, and P2Y4 (Alomone Laboratories) at 1:100 dilutions for 1 h at room temperature. This was followed by a 1-h incubation with a secondary anti-rabbit antibody conjugated with Alexa Fluor 488 (Invitrogen). Cells were then washed in PBS and mounted with a Vectashield medium containing 4,6-diamino-2-phenylindole for nuclear staining (Vector Laboratories). Confocal imaging was performed using the same Leica microscope system.
Cx40 short interfering RNA. GENCs were grown in 96-well plates at a concentration of 100,000 cells/ml in antibiotic-free complete DMEM medium for 24 h at 37°C in 5% CO 2. During the next 48 h, GENCs were transfected using protocols and reagents included in the Silencer short interfering RNA (siRNA) transfection kit (Ambion). The next day, cells were transferred to larger plates and cultured in complete GENC medium for studies. RNA was extracted from cells and amplified to validate inhibition of Cx40. Functional confirmation of Cx40 knockdown was provided by fluorometric and immunocytochemistry studies. Cells retained adequate Cx40 silencing for at least three passages.
RT-PCR. Total RNA was purified from confluent tsA58 mousederived GENCs using a Total RNA Mini Kit (Bio-Rad). RNA was quantified using spectrophotometry and reverse-transcribed to singlestranded cDNA using avian reverse-transcritpase and random hexamers according to manufacturer's instructions (Thermoscript RT-PCR system; Invitrogen). Two microliters of cDNA was amplified using a master mix containing Taq polymerase (Invitrogen) and the primers [summarized in Table 1 
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Fwd 5Ј-GGC TGG ACC ATG GAG CCG GT-3Ј
Fwd 5Ј-ATC CTC CCC AAC ATC ACC ACG TCC TAC CTC AAA TCG TGC ATT TAC AAT-3Ј 555 Rev 5Ј-TCA CTC GTT CAT CTC CCC CGA AAG ACC CTG CTC GTA ATC TTC CAC-3Ј P2X7 Fwd 5Ј-GAA GTT AGG ACA CAG CAT C-3Ј 403 Rev 5Ј-AGA GCC GTT CAT AGT TGG-3Ј P2Y1 Fwd 5Ј-ACG TCA GAT GAG TAC CTG CG-3Ј 288 Rev 5Ј-CCC TGT CGT TGA AAT CAC AC-3Ј P2Y2 Fwd 5Ј-ATG GTG ATG TAG GAT GGA C-3Ј 232 Rev 5Ј-GCA GGA GGC AGA GAT AAC-3Ј P2Y4 Fwd 5Ј-TGT TCC ACC TGG CAT TGT CAG-3Ј 293 Rev 5Ј-AAA GAT TGG GCA CGA GGC AG-3Ј ATP biosensor assay. The local concentration of ATP released extracellularly into the bathing solution was monitored at 37°C by a biosensor technique with PC12 cells, which express a variety of calcium-coupled purinergic receptors. Details of the technique were described earlier (3). Briefly, PC12 cells were loaded with Fluo-4 and Fura red as described above for GENCs and then injected on top of the GENC monolayer. Within a few seconds, PC12 cells freely settled on top of GENCs, with direct cell-to-cell contact. The release of ATP by mechanically stimulated GENCs causes activation of purinergic receptors on PC12 cells, which increases the PC12 calcium concentration. PC12 biosensor cell calcium responses were then converted to ATP levels using a dose-response calibration procedure as described before (3) . ATP specificity of the PC12 biosensor cell calcium responses were confirmed using the purinergic receptor inhibitor, suramin (100 M).
Data analysis. Data are expressed as means Ϯ SE. Statistical significance was tested using ANOVA. Significance was accepted at P Ͻ 0.05.
RESULTS
Calcium wave in cultured GENCs. Resting [Ca 2ϩ ] i in nearly confluent GENCs in culture was 67 Ϯ 1 nM (n ϭ 20). Mechanical stimulation of a single GENC with a glass micropipette caused a rapid and significant elevation of [Ca 2ϩ ] i in the target cell, which was followed by the radial propagation of [Ca 2ϩ ] i increases to adjacent cells in all directions (Fig. 1) . The calcium wave traveled over distances at least 400 m from the center with a constant front speed of about 8 m/s. At this point, the wave moved out of the microscope field beyond further visualization. Interestingly, the peripheral cell [Ca 2ϩ ] i responses did not show any signs of decrease in magnitude, speed, or kinetics with distance from the initial stimulus. Nearly identical responses in [Ca 2ϩ ] i were observed adjacent to the central stimulated cell and 2-300 m away in the periphery (Fig. 2) . This phenomenon appeared to be specific for endothelial cells, since calcium waves under the same conditions in a MMDD1 epithelial cell line completely diminished over the same distances (Fig. 2) .
Roles of connexins and extracellular ATP. Pharmacological experiments were performed to identify the key molecular elements of the endothelial calcium wave. Two parameters were analyzed: the speed of the front propagation (7.9 Ϯ 0. ] i (447 Ϯ 74 nM, n ϭ 6) (Fig. 3) . Removal of extracellular calcium from the bathing solution had no effect on calcium wave propagation velocity (7.7 Ϯ 0.3 m/s), but ⌬[Ca 2ϩ ] i (321 Ϯ 21 nM, n ϭ 6) was significantly reduced (Fig. 3) . Next, we used two approaches to study whether calcium waves propagated from cell to cell through gap junctions. First, a potent gap junction uncoupler, 25 M ␣-GA, eliminated the calcium wave, and only a few cells adjacent to the stimulated cell responded with minor elevations in [Ca 2ϩ ] i (⌬[Ca 2ϩ ] i ϭ 79 Ϯ 13 nM) (Fig. 3) . Also, siRNA knockdown of Cx40 in GENCs significantly reduced both the speed (2.0 Ϯ 0.3 m/s) and ⌬ [Ca 2ϩ ] i (200 Ϯ 12 nM) (Fig. 3) . Treatment of GENCs with mismatch siRNA sequence and the void transfection vector served as controls, having no influence on calcium wave propagation (Fig. 3) .
To test the involvement of extracellular ATP, an ATP scavenger cocktail consisting of hexokinase and apyrase, 50 ] i ϭ 70 Ϯ 4 nM, n ϭ 6) (Fig. 3) . The same coverslips were used in paired experiments; subsequent washout of the ATP scavenging enzymes resulted in a recovery of both the calcium wave speed (9.6 Ϯ 0.5 m/s) and ⌬ [Ca 2ϩ ] i (394 Ϯ 39 nM, n ϭ 6) nearly to control levels (Fig. 3) . Nonselective inhibition of purinergic P2 receptors with 100 M suramin almost completely abolished calcium responses (⌬[Ca 2ϩ ] i ϭ 100 Ϯ 11 nM) and the propagation of the calcium wave (speed ϭ 1.9 Ϯ 0.1 m/s) (Fig. 3) . In these experiments, there was generally a strong correlation between calcium wave speed and ⌬[Ca 2ϩ ] i and the area of the monolayer to which the calcium wave propagated (not shown). In experiments with the inhibitors ␣-GA, Cx40 siRNA, ATP scavenger cocktail, and suramin, the calcium wave propagated to only a few cells adjacent to the stimulated cell.
Connexin expression profile of GENCs. Because the above pharmacological experiments suggested the involvement of Cxs in the GENC calcium wave, the expression of the main vascular endothelial Cx isoforms Cx37, Cx40, and Cx43 in GENCs was examined using immunofluorescence and RT-PCR (Fig. 4) . The protein (Fig. 4 , A-C) and mRNA (Fig. 4E of Cx40, but neither Cx37 nor Cx43, was detected in GENCs. Cell membranes robustly expressed Cx40 in a patchy pattern (Fig. 4B) . After siRNA knockdown on Cx40 in GENCs, cells were devoid of Cx40 immunolabeling (Fig. 4D) . Efficient silencing of Cx40 was also confirmed by RT-PCR (Fig. 4, E  and F) .
Evidence for an extracellular, humoral mediator substance. Further experiments addressed the role and existence of an extracellular, humoral mediator vs. propagation through direct cell-to-cell contact via gap junctions. We used a glass micropipette and a micromanipulator to scrape off cells along a narrow, ϳ10-m-wide line in the GENC monolayer (Fig. 5A) , eliminating any physical contact between cells. Mechanical stimulation of a single cell on one side of the line triggered a calcium wave with a speed of 8.5 Ϯ 0.2 m/s, similar to that measured before (Fig. 3) . Although the velocity was slower (4.5 Ϯ 0.2 m/s), the calcium wave did propagate to nonadjacent cells on the opposite side of the line (Fig. 5B) . There was no significant difference in ⌬ [Ca 2ϩ ] i between cells on the two sides ( Fig. 5 ) (n ϭ 15 from 5 different coverslips).
Purinergic receptor expression and the effects of exogenous ATP.
To test whether silencing of Cx40 caused an altered sensitivity of endothelial cells to extracellular ATP, we first examined the profile of purinergic receptor expression in wildtype and Cx40 siRNA-treated GENCs. A variety of both P2X and P2Y receptors were detected using RT-PCR, including P2X 1 , P2X 4 , P2X 7, P2Y 1 , P2Y 2 , and P2Y 4 (Fig. 6A) . Importantly, no change in purinergic receptor expression was observed in response to siRNA silencing of Cx40 (Fig. 6B) . Similar results were obtained using immunohistochemistry for P2X 1 ] i responses were observed in GENCs without Cx40 (Fig. 6C) , further confirming intact purinergic signaling after siRNA treatment.
Measurement of extracellular ATP. To confirm the involvement of extracellular ATP as a critical mediator of GENC calcium wave propagation, an ATP biosensor technique was used as described before (3) to measure local ATP levels in the bath solution during signal propagation. PC12 cells that express purinergic receptors were loaded with Fluo-4 and Fura red and positioned on top of GENCs in culture (Fig. 7A) . Careful adjustment of focus allowed simultaneous fluorescence imaging of both PC12 and GENC calcium responses during the calcium wave. Mechanical stimulation induced a GENC calcium wave of similar characteristics as described above (Fig.  7B ). PC12 cells detected significant elevations in extracellular ATP (⌬ ϭ 76 Ϯ 2 M) during calcium wave propagation (see supplemental video attachment online on the American Journal of Physiology-Regulatory, Integrative and Comparative Physiology Web site), which were abolished by Cx40 siRNA treatment (⌬ ϭ 6 Ϯ 1 M) (Fig. 7B) . Even when the GENC calcium wave was intact, PC12 biosensor cell calcium responses were blocked by preincubation with the purinergic receptor inhibitor suramin (100 M), confirming specificity of PC12 responses to extracellular ATP (Fig. 7B) .
DISCUSSION
The present studies visualized and characterized the propagation of calcium waves in glomerular endothelial cells using a recently established cell line, since this experiment would not be feasible with the small and looping glomerular capillaries in situ. Mechanical stimulation, which is likely consistent with in vivo activation of endothelium by shear stress or contact with circulating blood cells, resulted in a regenerating calcium wave that propagated over distances Ͼ400 m. Generation and propagation of the calcium wave were primarily due to an extracellular, humoral mediator, identified as ATP. For the first time, it was shown that Cx40 controls extracellular ATPmediated calcium waves. Thus, Cx40 and extracellular ATP are key molecular elements of the juxtaglomerular vasculature and most likely play important roles in glomerular and JGA functions. Although the present studies do not provide direct evidence, the most likely explanation is that ATP was released from endothelial cells through Cx40 hemichannels.
Because they are difficult to unequivocally demonstrate, the existence and function of Cx hemichannels are still debated. Nevertheless, several studies suggest that functional Cx hemichannels exist and can mediate ATP release (6, 9, 32) . The presence of Cx hemichannels in the kidney was recently proposed (20) . Cx40 is a predominant endothelial Cx isoform in the kidney (11, 12, 15) and is essential for the pressure control of renin synthesis and release (37) . It is well established that Cx40-deficient mice are hypertensive with high renin levels and renin-angiotensin system (RAS) activity, but it is not the only cause for hypertension (12, 18, 26, 37) . Endothelial cells act as mechanosensors regulating the function of underlying vascular smooth muscle cells and vessel contractility (12, 38, 39) . Importantly, it was recently speculated (37) that Cx40 is important for the induction and/or propagation of cytosolic calcium and calcium waves. The present studies fully complement this hypothesis and provide experimental evidence that Cx40 directly controls mechanically induced calcium waves in the juxtaglomerular endothelium. It is known that the JGA receives ATP-mediated purinergic calcium signals from the direction of the macula densa, which also propagates to reninproducing JG cells (22) . Purinergic calcium signals spreading to JG cells from either the endothelium or the macula densa are consistent with the paradigm that increases in JG cell [Ca 2ϩ ] i communicate various inhibitory mechanisms on renin synthesis and release, a phenomenon called the "calcium paradox" (10) . The role of extracellular ATP-mediated calcium waves between renin-producing cells in controlling renin release has been demonstrated (42) . ATP may effect JG cell [Ca 2ϩ ] i and renin release directly, or through its degradation to adenosine (29, 30) .
Similar to involvement in the control of renin release, the endothelial calcium wave may also be important in the regulation of JG vascular resistance and glomerular filtration. Cx40-mediated elevations in endothelial [Ca 2ϩ ] i and the subsequent synthesis of vasodilator substances are important in vasomotor function (12, 26) . On the basis of the present data, the lack of Cx40 causes defective ATP-mediated purinergic calcium signaling, and impaired vasodilatation is a possible mechanism for the increased vascular tone and hypertension in Cx40 knockout animals, in addition to RAS activation (12, 13, 18, 26, 37) . Glomerular endotheliumderived vasodilators may act on the glomerular mesangium locally, or may diffuse back to preglomerular and JGA environments with the help of significant interstitial fluid flow in this area (25) . Glomerular endothelial Cx40 expression is increased in certain pathophysiological conditions (11, 43) , which through ATP purinergic calcium signaling and vasodilators, could contribute to glomerular hyperfiltration (43) . Impaired flow-dependent control of vascular tone in mice lacking the ATP receptor P2X 4 (38) , the major contributor to ATP and flow-induced calcium influx in endothelial cells (4, 39) , provides further strong support for the critical role of Cx40-mediated endothelial ATP release.
Propagation characteristics of the endothelial calcium wave observed in cultured GENCs in the present experiments (including speed, ATP, and connexin dependence) are similar to data obtained with the in vitro microperfused glomerulus preparation (22) , indicating relevance of present cell culture data to conditions in situ. One discrepancy is the regenerative pattern, which was not observed in a recent microperfusion study (34) and could be reconciled by differences in cell culture conditions (8) . Nevertheless, regenerating calcium waves have been described in cultured vascular endothelial cells (8) . In GENCs, this could play a significant role in the potent conduction of vasodilator signals over long distances in the glomerular capillary network. Regenerating calcium waves may be specific for the endothelium, as responses in an epithelial cell line were much different (Fig. 2) . The use of calcium-free medium reduced ⌬[Ca 2ϩ ] i about 50% (Fig. 3) , which is consistent with the involvement of both calcium entry and release from intracellular stores in calcium waves (8, 17, 31, 32) . We cannot exclude the possibility, however, that the calcium chelator EGTA used in these experiments caused a depletion of intracellular calcium stores directly and reduced the responsiveness of GENCs. Nevertheless, no reductions in baseline GENC [Ca 2ϩ ] i were detected in response to calciumfree medium (data not shown), a fact that argues against this possibility. Nifedipine had no effect on the calcium wave, in accord with the minor functional importance of voltage-dependent calcium channels in endothelial cells (14, 34) . Effective silencing of Cx40 was achieved in GENCs using the siRNA technique (Figs. 3 and 4) and provided evidence for the important role of Cx40 in ATP-mediated purinergic calcium signaling. This most likely involved ATP release through Cx40 hemichannels, as well as propagation of the calcium wave through Cx40 gap junctions. Supporting this is the finding that calcium wave speed was nearly double in physically connected GENCs compared with conditions when only extracellular humoral mediation was present (Fig. 5) . Also, the measurement of local, bath ATP levels during calcium wave propagation using the PC12 biosensor technique (Fig. 7) provided evidence for Cx40-dependent extracellular ATP release during calcium wave propagation. Our data are also consistent with reports that gap junction uncouplers like 18␣-GA can inhibit gap junctional communication, as well as Cx hemichannels (9, 22, 41) . In terms of the mechanical stimulus used in these experiments, a single GENC was gently touched by a glass micropipette as shown in Fig. 7A and in the supplementary video. The cells remained intact and responsive after mechanical stimulation.
Because Cx deficiency can alter the expression of various genes (16) , including purinergic P2 receptors (28) , the profile of P2 receptor expression and the effects of exogenous ATP were tested on wild-type and Cx40-silenced GENCs (Fig. 6) . The unaltered P2 receptor profile (Fig. 6, A and B) and the essentially identical responses in [Ca 2ϩ ] i to exogenous ATP (Fig. 6C) indicate that defective ATP release rather than reduced ATP sensitivity of GENCs was responsible for the diminished ⌬[Ca 2ϩ ] i and calcium wave after Cx40 siRNA treatment (Fig. 3) . Experimental maneuvers that supported the critical role of extracellular ATP, including ATP scavenging enzymes and purinergic receptor inhibition have been successfully used before (22, 31) .
Localization of Cx40 in GENCs is consistent with earlier Cx40 immunohistochemical localization in various species (11, 12, 15, 43) . The punctate pattern of Cx40 labeling observed in the present study is also consistent with other studies (11, 12, 15, 43) . Further support of the key role of Cx40 in the GENC calcium wave is that other major vascular Cx isoforms, specifically Cx37 and Cx43, were not expressed in detectable amounts in these cells (Fig. 4) .
Perspectives and Significance
The present study suggests that interendothelial calcium signaling in the juxtaglomerular vasculature is mediated by extracellular ATP and purinergic P2 receptors. Moreover, extracellular ATP and purinergic calcium signaling are controlled by Cx40, which may involve ATP release through Cx40 hemichannels. Additional work is needed to confirm the role of endothelium-derived ATP and subsequent purinergic calcium signaling in the control of glomerular filtration and renin release by physiological stimuli, including blood pressure.
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